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© A SAW device includes a SAW element (1) which is fixed onto a base substrate in a face down mode, and a 
cap which is bonded to the base substrate for enclosing the SAW element. A relation L2 < 3.5 X L3 is satisfied 
between a center distance L2 between a first input/output electrode 7a which is provided on one side of a region 
provided with IDTs (5a, 5b) and an input/output electrode (8a) which is provided on another side, and a distance 
L3 between both outer ends of the IDTs (5a, 5b) along a waveguide path among a plurality of input/output 
electrodes which are connected to the IDTs (5a, 5b) of the SAW element (1). 

FIG. 1 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a SAW (surface acoustic wave) device having a SAW element which is 

fixed in a package consisting of a base substrate and a cap, and more particularly, it relates to a SAW 
device which is improved in frequency-temperature characteristics. 

Description of the Background Art 

10 

Fig. 8 is a sectional view typically showing an example of a conventional SAW device 10. This SAW 
device 10 has a SAW element 11, which is stored in a package consisting of a base substrate 12 and a cap 
13. 

The SAW element 1 1 comprises a piezoelectric substrate and at least one interdigital transducer 
75 (hereinafter referred to as IDT) which is formed on the piezoelectric substrate. The SAW element 11 is 
bonded onto the base substrate 12 through solder bumps 14 and 15, while downwardly directing the 
surface which is provided with the IDT. This method of fixing the SAW element 1 1 is called face down 
bonding. 

The base substrate 12 is made of insulating ceramics such as alumina, for example. The cap 13 rs fixed 
20 onto the base substrate 12, to enclose the SAW element 11. The cap 13 is made of a metal to have an 
opening in its lower portion, and bonded to the base substrate 1 by solder 16. 

In the SAW device 10, frequency-temperature characteristics are preferably as flat as possible. 
Therefore, the thermal expansion coefficient of the SAW element 11 is ideally equal to that of the package 
consisting of the base substrate 12 and the cap 13. In practice, however, the thermal expansion coefficients 
25 cannot be equalized with each other due to the difference between the materials forming the SAW element 

11 and the package. Under the present circumstances, therefore, the SAW element 11, the base substrate 

12 and the cap 13 are prepared from materials having thermal expansion coefficients which are as close as 
possible to each other. In a reliability test such as a heat cycle test, however, the conventional SAW device 
10 tends to cause problems such as remarkable fluctuation of its central frequency and breaking in the 

30 portions connected by the solder bumps 14 and 15 in practice. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a SAW device comprising a SAW element 

35 stored in a package, which can reduce fluctuation of its frequency characteristic following temperature 
change and suppress a breaking defect or the like. 

According to a wide aspect of the present invention, provided is a SAW device comprising a SAW 
element, a base substrate which has the SAW element on board, and a cap which is bonded to the base 
substrate for enclosing the SAW element. The SAW element has a piezoelectric substrate, at least one IDT 

40 which is formed on the piezoelectric substrate for exciting surface waves, and a plurality of input/output 
electrodes which are electrically connected to the IDT. The plurality of input/output electrodes at least 
include first and second input/output electrodes which are arranged on both sides of the IDT along a 
waveguide path, so that a relation L2 < 3.5 x L3 is satisfied assuming that L2 represents the center distance 
between the first and second input/output electrodes and L3 represents the distance between both outer 

45 ends of the aforementioned at least one IDT along the waveguide path. 

According to the present invention, the electrode pattern of the SAW element is noted with no direct 
attention to the difference between the thermal expansion coefficients of the material forming the SAW 
element and the package, for attaining the aforementioned object by bringing the electrode pattern into the 
aforementioned specific structure. 

50 According to the present invention, the ratio of the center distance L2 between the input/output 
electrodes along the waveguide path to the distance L3 between both outer ends of the IDT along the 
waveguide path is rendered less than 3.5 as described above, whereby a breaking defect can be 
suppressed for reducing the amount of frequency fluctuation following temperature change. Further, the 
temperature coefficient can be so reduced that the maximum value temperature of a frequency deviation 

55 curve in heating and cooling measurement can be approached to a central temperature of 30 °C, for 
example, while the hysteresis can be improved. It has been experimentally confirmed by the inventors that 
these effects can be attained by bringing the electrode pattern of the SAW element into the aforementioned 
structure. However, it has been completely unknown in general that the ratio of the distance L2 to the 
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distance L3 influences on the frequency-temperature characteristics and the breaking defect. 

According to a specific aspect of the present invention, the aforementioned at least one IDT includes 
first and second IDTs, and the distance L3 is defined by that between outer ends of the first and second 
IDTs along the waveguide path in this case. In the structure provided with the first and second IDTs, further, 
5 a pair of first input/output electrodes, i.e., hot-side and earth-side first input/output electrodes are electrically 
connected to the first IDT. Similarly, a pair of second input/output electrodes, i.e., hot-side and earth-side 
second input/output electrodes are electrically connected to the second IDT. 

In the structure having the first and second IDTs as described above, a two-port SAW resonator, for 
example, can be structured. 

w However, the present invention is not restricted to a one-port SAW resonator described later with 

reference to an embodiment of the present invention and the two-port SAW resonator, but is also applicable 

to a transversal SAW filter having a plurality of IDTs, a SAW delay line, and the like. 

According to another specific aspect of the present invention, the aforementioned SAW element is fixed 

to the base substrate by a conductive bonding material through face down bonding. In this case, the 
75 conductive bonding material is preferably prepared from a solder bump, which can readily carry out the 

bonding operation. ...... 

According to the present invention, the aforementioned cap-is preferably made of a conductive material, 

so that the SAW element stored therein can be electromagneticaliy shielded and the cap can be bonded to 

the base substrate by the,. conductive bonding material. . 
20 Further, the SAW element which is employed for the inventive SAW device may comprise reflectors on 

both sides of a region provided with the IDT along the waveguide path, in addition to the IDT which is 

formed on the piezoelectric; substrate. In this case, the reflectors can be formed by well-known proper 

reflectors such as grating reflectors. , .. 

The s foregoing and other objects, features, aspects and advantages of the present invention will become 
25 more ; apparent from the following detailed description of the present invention when taken in conjunction 

with the. accompanying drawings. .,; 

BRIEF DeSC8IPTI.pN QF THE DRAWINGS 

30 Fig. 1 is a sectional view typically showing the structure of a SAW device according to a first 
embodiment of the present invention; 

Fig. 2 is a plan view showing a two-port SAW resonator which is employed for the SAW device 
according to the first embodiment of the present invention; 
Fig,. 3 typjcaj plan- view : /f or illustrating an IDT; 
35 Fig. 4 illustrates relations between distances L2 between input/output electrodes, center frequency shift 
amounts and breaking defect ratios in samples of the SAW device according to the first embodiment of 
the present invention; . 

Fig. 5 illustrates hysteresis characteristics of frequency deviation curves in heating and cooling steps in 
the SAW device apcprding to the first embodiment of the present invention; 
40 Fig. 6 illustrates hysteresis characteristics of frequency deviation curves in heating and cooling steps in a 
conventional SAW device;- , 

Fig. 7 is a typical plan view for r illustrating a one-port SAW resonator which is employed for a SAW 
device according, to a second embodiment of the present invention; and 
Fig. 8 ts ; a typical sectional view for illustrating a conventional SAW device. 

45 ■ , ■ • ' 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a typical plan view for illustrating a SAW device; according to a first embodiment of the present 
invention. 

50 In the SAW device according to this embodiment, a two-port SAW resonator serving as a SAW element 
1 is stored in a package. This package has a base substrate 2 and a cap 3 which is bonded onto the base 
substrate 2, «: . : .* 

The base substrate Z is -made of (insulating ceramics such as alumina, for example, or a proper 
insulating material. Further, the, base substrate 2 is provided thereon with electrodes; (not particularly shown 
55 in Fig. 1) which are electrically connected, with input/output electrodes of the. SAW element 1. The 
electrodes provided on the base substrate 2 are employed for electrical. connection. 

The SAW element 1 is fixed onto the base substrate 2 by face down bonding. Namely, the SAW 
element 1 is bonded to the electrodes provided on the base substrate 2 by solder bumps 4A and 4B, while 
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downwardly directing a surface provided with various electrodes described later. 

The cap 3 is made of a metal according to this embodiment, and has an opening in its lower portion. 
Further, a portion of the cap 3 around the lower opening extends in parallel with the upper surface of the 
base substrate 2, so that this cap 3 is bonded to the base substrate 2 in this peripheral portion by a 
5 conductive bonding material 4C such as solder. The cap 3 seals the SAW element 1 to improve the sealing 
performance of the SAW device according to this embodiment, while serving an electromagnetic shielding 
function. 

As shown in Fig. 2 in a plan view, the SAW element 1 is formed by a rectangular piezoelectric substrate 
1a. First and second IDTs 5a and 5b are formed on an upper surface of the piezoelectric substrate 1a. As 
10 shown in Fig. 3 in an enlarged manner, the first IDT 5a has a comb electrode having a plurality of electrode 
fingers 50, and another comb electrode also having a plurality of comb electrodes 51. The electrode fingers 
50 and 51 are arranged to interdigitate with each other as shown in Fig. 3. 

The second IDT 5b is also formed by a pair of comb electrodes, similarly to the first IDT 5a. 

Reflectors 6a and 6b are provided outside the region provided with the IDTs 5a and 5b. These 
75 reflectors 6a and 6b are arranged on outer sides of the IDTs 5a and 5b along a propagation direction of 
surface waves which are excited by the IDTs 5a and 5b, i.e., along a waveguide path. The reflectors 6a and 
6b, which are formed by proper reflectors such as grating reflectors, are made of the same electrode 
material as the IDTs 5a and 5b. 

A pair of first input/output electrodes 7a and 7b are electrically connected to the first IDT 5a. These 
20 input/output electrodes 7a and 7b are arranged on side portions of the waveguide path on the piezoelectric 
substrate 1a, to be electrically connected to hot-side and earth-side comb electrodes of the IDT 5a 
respectively. The input/output electrodes 7a and 7b are formed to have substantially circular shapes, as 
shown in Fig. 2. 

Similarly to the above, second input/output electrodes 8a and 8b are electrically connected to the 
25 second IDT 5b. These input/output electrodes 8a and 8b are electrically connected to hot-side and earth- 
side comb electrodes of the IDT 5b respectively. 

As hereinabove described, the first input/output electrodes 7a and 7b and the second input/output 
electrodes 8a and 8b are arranged on opposite sides of the region provided with the first and second IDTs 
5a and 5b along the waveguide path. 
30 According to this embodiment, the first and second input/output electrodes 7a, 7b, 8a and 8b are 
provided on side portions of the reflectors 6a and 6b on outer sides of the region provided with the IDTs 5a 
and 5b along the waveguide path. 

The SAW element 1 which is employed for the SAW device according to this embodiment is a two-port 
SAW resonator having two IDTs 5a and 5b, as hereinabove described. 
35 Dimensions of the piezoelectric substrate 1a forming the SAW element 1 and the elements provided on 
the piezoelectric substrate 1a are represented by the following symbols: 

L1 ... This symbol represents the length of the piezoelectric substrate 1a, i.e., the dimension along the 
waveguide path. 

L2 ... This symbol represents the center distance between the first and second input/output electrodes 
40 7a, 7b, 8a and 8b along the waveguide path. Namely, symbol L2 represents the center distance between 
the input/output electrodes 7a and 8a, that between the input/output eiectrodes 7b and 8b, that between the 
input/output eiectrodes 7a and 8b along the waveguide path, and that between the input/output electrodes 
7b and 8a along the waveguide path. 

L3 ... This symbol represents the distance between outer ends of the IDTs 5a and 5b along the 
45 waveguide path. 

W1 ... This symbol represents the cross-directional dimension of the piezoelectric substrate 1a, i.e., the 
dimension along the direction perpendicular to that of the waveguide path. 

W2 ... This symbol represents the center distance between the input/output electrodes 7a and 7b and 
that between the input/output electrodes 8a and 8b. 
so <t> ... This symbol represents the diameter of the input/output electrodes 7a, 7b, 8a and 8b. 

SAW oscillators having center frequencies of 433 MHz were prepared with dimensions L1 of 3840 urn, 
L3 of 656 urn, W1 of 2380 urn, W2 of 1580 urn and 4> of 300 urn. Three types of samples were prepared 
by setting the dimensions L2 at 840 urn, 1670 urn and 2500 um for Experimental Examples 1, 2 and 3 
respectively. 

55 The three types of two-port SAW oscillators obtained in the aforementioned manner were subjected to 
measurement of center frequencies and evaluation of breaking defect ratios. Fig. 4 shows relations between 
the dimensions L2, shift amounts of center frequencies to and the breaking defect ratios. Referring to Fig. 4, 
the solid line shows the shift amounts of the central frequencies fo , and the broken line shows the breaking 
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defect ratios. It is understood that the shift amounts of the center frequencies fo and the breaking defect 
ratios are substantially proportionally increased as the dimensions L2 are increased. 

In a reliability test of a SAW device, the shift amount of the center frequency fo must be not more than 
70 kHz in case of 433 MHz, i.e., not more than 0.0162 % of the center frequency fo. Thus, it is understood 
5 from Fig. 4 that the dimension L2 may be set to be not more than about 2300 urn, in order to reduce the 
shift amount of the center frequency f 0 to not more than 70 kHz. 

in other words, it is understood that the shift amount of the center frequency fo is 70 kHz when the ratio 
L2/L3 of the dimension L2 to the dimension L3 is 2300/656, i.e., about 3.5. Thus, it is understood from the 
above result that the shift amount of the center frequency f D can be suppressed by reducing the ratio L2/L3 
w to not more than 3.5. ... 

Samples of the first embodiment of the present invention and the prior art are now described with 
reference to Table 1 and Figs. 5 and 6. 

Table 1 

is ••• ' • 



Item 


Prior Art 


. Embodiment 


L1 [urn] 


3840 


3840 


L2 [urn] 


2500 


840 


L3 [urn] 


656 


656 


W1 [urn] 


2380 


2380 


W2 [urn] 


1580 


1580 


<t> [urn] 


400 


300 


Cap 


Iron 


Iron 


Carrier ' 


Alumina 


Alumina 


Piezoelectric Substrate 


Crystal 


Crystal 



The samples of the SAW devices according to this embodiment and the prior art were prepared under 
the conditions shown in Table 1. As to the samples of this embodiment and the prior art obtained in the 
aforementioned manner, the shift amounts of center frequencies fo in a reliability test, temperature 
coefficients of center frequency-temperature characteristics, and maximum value temperatures of center 
frequency-temperature characteristic curves were measured. Table 2 shows the results. 

Table 2 



Item of Measurement 


■ Prior Art 


Embodiment 


(D f 0 Shift Amount [kHz] in Reliability Test 


72.7 


, 3.0 


® Temperature Coefficient of Center 
Frequency-Temperature Characteristics [ppm/°C] 


7.5 


3.35 


® Maximum Value Temperature of Center 
Frequency-Temperature Characteristic Curve [ 6 C] 

, l \ ' ^ '' ':. 


66.3 


33.9 



50 It is clearly understood from Table 2 that (1).the shift amount of the center frequency fo in the reliability 
test was remarkably reduced, (2) the temperature coefficient of the center frequency-temperature char- 
acteristics was also remarkably reduced, and (3) the maximum value temperature of the center frequency- 
temperature characteristic curve was reduced in the sample of the . SAW device according to the first 
embodiment as compared with that of the prior art. 

55 Further, hysteresis characteristics of frequency deviation curves in heatrng and cooling measurement 
were examined as to the samples of the SAW devices of the first embodiment and the prior art. The center 
frequency fo was measured in a step of heating each SAW device from -40 * C to 100 *C and then cooling 
the same to -40 °C. Figs. 5 and 8 show the hysteresis characteristics of the samples according to the first 
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embodiment and the prior art respectively. Referring to Figs. 5 and 6, solid lines show the temperature 
characteristics in the heating process, and broken lines show those in the cooling process. It is clearly 
understood from Figs. 5 and 6 that the SAW device according to the first embodiment exhibited an 
extremely small hysteresis as compared with that of the prior art. 

5 While the SAW element 1 is formed by the two-port SAW resonator shown in Fig. 2 in the 

aforementioned first embodiment, the SAW element according to the present invention may have another 
structure. Fig. 7 is a typical plan view showing a one-port SAW resonator serving as a SAW element which 
is employed for a second embodiment of the present invention, in this SAW element, a single IDT 5c is 
formed on a piezoelectric substrate 1a. Therefore, the dimension L3 is defined by the distance between 

10 both ends of the IDT 5c along the waveguide path. 

Further, reflectors 6c and 6d are formed on both sides of the IDT 5c along the waveguide path. These 
reflectors 6c and 6d can be formed similarly to the reflectors 6a and 6b in the first embodiment. The IDT 5c 
is formed by a pair of comb electrodes, so that hot-side and earth-side comb electrodes are connected to 
first and second input/output electrodes 9a and 9b respectively. The input/output electrodes 9a and 9b have 

75 substantially circular shapes. Further, the first and second input/output electrodes 9a and 9b are opposed to 
each other through the IDT 5c along the waveguide path. These input/output electrodes 9a and 9b are 
formed on side portions of the reflectors 6c and 6d respectively. In this case, the dimension L2 is defined 
by the length between the centers of the input/output electrodes 9a and 9b along the waveguide path. 

As shown in Fig. 7, the remaining dimensions can be defined similarly to those shown in Fig. 2. Also in 

20 the one-port SAW resonator shown in Fig. 7, the shift amount of the center frequency fo in a reliability test 
as well as the temperature coefficient and the maximum value temperature of the center frequency- 
temperature characteristics can be reduced by setting the ratio L2/L3 at a value of less than 3.5. 

Although the present invention has been described and illustrated in detail, it is clearly understood that 
the same is by way of illustration and example only and is not to be taken by way of limitation, the spirit 

25 and scope of the present invention being limited only by the terms of the appended claims. 



Claims 



1. A SAW device comprising: 
30 a piezoelectric substrate; 

at least one interdigital transducer being formed on said piezoelectric substrate; 

a plurality of input/output electrodes being electrically connected to said interdigital transducer, said 
plurality of input/output electrodes at least including first and second input/output electrodes being 
arranged on both sides of said interdigital transducer along a waveguide path, 
35 a relation L2 < 3.5 X L3 being satisfied assuming that L2 represents the center distance between 

said first and second input/output electrodes and L3 represents the distance between both outer ends 
of a portion provided with said at least one interdigital transducer along said waveguide path; 

a base substrate having said SAW element on board; and 

a cap being bonded to said base substrate for enclosing said SAW element. 

40 

2. The SAW device in accordance with claim 1, wherein said at least one interdigital transducer includes 
first and second interdigital transducers, said distance L3 being defined by that between outer ends of 
said first and second interdigital transducers. 

45 3. The SAW device in accordance with claim 2, wherein a pair of first input/output electrodes and a pair of 
second input/output electrodes are electrically connected to said first and second interdigital trans- 
ducers respectively. 

4. The SAW device in accordance with any of claims 1 to 3, wherein said SAW element is fixed onto said 
so base substrate by a conductive bonding material through face down bonding. 

5. The SAW device in accordance with claim 4, wherein said conductive bonding material is a solder 
bump. 

55 6. The SAW device in accordance with claim 1, wherein said cap is fixed to said base substrate by a 
conductive bonding material. 
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7. The SAW device in accordance with any of claims 1 to 4, wherein said interdigital transducer is fixed to 
said base substrate by a conductive bonding material. 

8. The SAW device in accordance with any of claims 1 to 6, further comprising a pair of reflectors being 
5 provided on both sides of said interdigital transducer along said waveguide path. 
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FIG.2 
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FIG. 3 



FIG. 4 
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FIG. 8 PRIOR ART 
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